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INTRODUCTION
Surgery as a craft has traditionally been learnt via an apprenticeship scheme, in which the famous slogan, "see one, do one, teach one" was coined, describing how surgical skills were attained for many decades 1 . This method of training produced highly skilled surgeons for a number of generations. However, with increased awareness of patient safety, reduced working hours and financial constraints in healthcare organisations, this model has presented challenges for trainees to obtain the required level of competency 2 .
Further challenges have risen with the development of minimally invasive techniques, largely associated with steeper learning curves. With growing realisation that a large part of the procedural learning curve does not require patients for skill acquisition, but can be learnt on training models, there has been a boom in the production of training models 3 .
This increase has brought about the need to scientifically evaluate these models to establish their educational value and role in training. Thus, increasing number of validation studies are being conducted to investigate the usefulness of simulators.
The aim of this study is to identify the currently available training models for urological surgery and their status of validation. It also aims to evaluate the level of evidence (LoE) behind each training model and, thereby, establish a level of recommendation (LoR).
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RESULTS
In total, 5163 potentially relevant studies were identified. Upon review and examination of the full texts, 91 of the initially retrieved studies met the inclusion criteria (Figure 1 ). Results were categorised into endourology, laparoscopic urology, robot-assisted urological surgery and open urological surgery . In cases where studies failed to demonstrate the aimed validity, these were indicated with a strike through the text and where studies did not provide adequate information, these were hyphenated in the relevant sections of the tables. In instances where LoR could not be awarded, these were marked with notapplicable (N/A).
Endourology
Sixty-three studies were identified concerning training models for different endourological procedures, most of which were for ureterorenoscopy followed by urethrocystoscopy and transurethral resection, repectively.
Urethrocystoscopy
Eighteen articles were identified describing validated models utilised in flexible and rigid cystoscopy training (Table 1) , with eleven using the URO Mentor VR simulator (Simbionix, Israel) alone. The URO Mentor has demonstrated face (n=4), content (n=2), construct A (n=6) and construct B validities (n=6) for urethrocystoscopy, and was awarded LoR of 1. This VR simulator was also evaluated when used in conjunction with a bench model. Gettman et al. 8 Fresh frozen cadavers (FFC) were utilised for rigid and flexible cystoscopy by two studies 11 12 and received a LoR of 2. Bowling et al. 11 demonstrated construct B validity amongst 29 obstetric residents whilst Ahmed et al. 12 
Ureterorenoscopy
Twenty-one studies were identified describing validated training models for ureterorenoscopy ( Table 1 ), 11 of which described the URO Mentor once again. This VR simulator has demonstrated face (n=4), content (n=2), construct A (n=5), construct B (n=4), concurrent (n=1) and predictive validities (n=2) for ureterorenoscopy, and was awarded a LoR of 2.
Another more commonly used model is the Uro-Scopic Trainer (Limbs and Things, Bristol, UK). This bench model was evaluated by four studies and demonstrated face (n=1), construct A (n=3), construct B (n=1) and concurrent validities (n=1). The model received a LoR of 2. Two studies evaluated the combined use of these models 13 14 and demonstrated face and construct B validation, amongst 16 residents and 32 medical students, respectively. Zhang et al. 18 reported the face validity of using porcine kidneys amongst 42 urologists whilst Hammond et al. 19 placed the porcine kidney into a chicken carcass to represent the posterior tissue layers in humans and demonstrated face validity of this model amongst urology residents. All three models received a LoE of 4 and failed to receive a LoR.
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Transurethral resection of the prostate (TURP)
Sixteen validation studies were identified for TURP training models ( The TURP Simulator described and content validated by Ballaro et al. 20 was developed over a decade ago but has not been reported in the literature since or commercially available.
The Uro Trainer (Karl Storz GmbH, Tutlingen, Germany) is also no longer commercially available and the name is, instead, used synonymously with custom-made UroSim, produced for Karl Storz.
Ahmed et al. 12 also described the TURP simulation with FFCs as part of the BAUS Human Cadaver Training Programme and demonstrated face and content validity.
Transurethral resection of bladder tumours (TURBT)
Three training models were identified for TURBT training ( Table 2 ). The Uro Trainer VR simulator (Karl Storz GmbH) failed to demonstrate face and content validity in the study conducted by Schoutt et al. 21 whilst other studies demonstrated content (n=1), construct A (n=3) and construct B (n=1) validities of the simulator. However, as mentioned, this is no longer available and the TURBT module on the UroSim remains to be validated. Khan et al. 22 utilised the Bristol TURBT Trainer (Limbs and Things) and also demonstrated face, content and construct B validity. Similarly, the Simbla TURBT Simulator was also evaluated by de Vries et al. 23 and demonstrated face, content and construct B validity amongst 76 participants consisting of novices, intermediaries and experts. All three models received a LoR of 3.
Laser procedures of the prostate
A total of six studies were identified for models utilised in training for various laser prostate therapies ( Table 2 ). These consisted of three VR simulators and one bench-top model. Two 
Laparoscopic Urology
Sixteen studies were identified describing validated models for three laparoscopic procedures ( Table 3 ). The most commonly used modality was animal models.
Partial/Radical Nephrectomy
A total of eight studies described four different models for laparoscopic partial and/or radical nephrectomy. The Procedicus MIST Nephrectomy VR Simulator (Mentice, Gothenburg, Sweden) was the most thoroughly evaluated model, with two studies demonstrating its face, content and construct B validities. However, Wijn et al. 25 reported failure of the trainer to demonstrate construct validity in a cohort relatively higher in number. Nevertheless, this VR simulator received an overall LoR of 2. Similarly, the Partial
Nephrectomy dry-lab model (University of California, USA) also received a LoR of 2, with three studies demonstrating face (n=1), content (n=1) and construct B (n=2) validation.
Pyeloplasty
Four studies were identified for Laparoscopic Pyeloplasty, describing different bench (n=2) and animal (n=2) 
Robot-Assisted Urological Surgery
Eight studies were identified describing procedure-specific and validated training models for robot-assisted urological surgery ( Table 4 ). The most commonly used robotic simulator was the da Vinci Skills Simulator (dVSS; Intuitive Surgical, Sunnyvale, CA, USA).
Robot-assisted partial nephrectomy (RAPN)
Three validation studies were identified for two RAPN models. Hung et al. 30 This platform received a LoR of 3.
Robot-assisted radical prostatectomy (RARP)
Three validation studies described two training models for UVA, an essential step in RARP, and received a LoR of 3. The Hands-on Surgical Training (HoST) is an AR system on the
Robotic Surgical Simulator (RoSS; Simulated Surgical Systems; Williamsville, NY, USA).
Chowriappa et al. 31 performed a prospective RCT and demonstrated face and concurrent validities, amongst 52 participants. Although the study is of high quality (Level 1b), the lack of further studies on the model limit its LoR. The Tube 3 module on the dV-Trainer also simulates UVA and has demonstrated face, content and construct B validity amongst 20 participants 32 . Kim et al. 33 
Open Urological Surgery
Six studies were identified describing training models for 15 open urological procedures subjects. Several bench models were also described and validated for suprapubic catheterisation (SPC; n=3) and vasovasostomy (n=1). Of these, the Uro-Emerge SPC model and the silicone tube and rat vas deferens vasovasostomy models both demonstrated construct A and predictive validities, achieving a LoE of 2c and LoR of 4. Due to the nature of the studies and lack of supportive data, it was not possible to make recommendations for the remaining models in this section. Two studies 39 40 utilised high fidelity simulation within a simulated laparoscopic Operating Room (OR; Storz, Tuttlingen, Germany) using a high-fidelity SimMan3G mannequin (Laerdal, Wappingers Falls, NY) and Partial nephrectomy renal model ( Table 3) High numbers of procedure-specific models have been developed for endourology and also a select few for laparoscopic and robot-assisted urology, which previously concentrated on generic skills acquisition 41 . Four Level 1b studies were identified in endourology 10 11 15 42 and two in robot-assisted urology 31 43 . In contrast, open urological surgery has had a limited number of simulator production and subsequent validation, which may owe to the nature of the surgery, making it difficult to replicate.
Non-technical Skills
Based on the currently available data, simulation-based urological training should be adopted by healthcare organisations, through utilisation of validated models. Efforts should be made to identify the best aspects of each training model and procedure-specific simulation curricula should be developed and validated, employing different modalities.
Several generic skills curricula have been reported in the literature including the validated Fundamentals of Laparoscopic Surgery (FLS©) skills curriculum, which was adapted into the urology-specific Basic Laparoscopic Urologic Surgery (BLUS©) skills curriculum by Sweet et al. 44 . A similar curriculum has been designed for robot-assisted surgery, entitled Fundamentals of Robotic Surgery (FRS©) 45 , and is currently undergoing validation.
Furthermore, a number of procedure-specific curricula have also been described and Very few studies compared the available models to assess strengths and weaknesses of each model. Most studies demonstrate face and content validity, which are subjective measures of validation as opposed to more objective measures including construct, concurrent and predictive validity. Moreover, there is no clear consensus on the exact definitions of validity terms. In the included studies, the use of these terms varied and, therefore, were judged based on the definitions in Figure 2 . Another limitation on quality of studies was that majority of studies recruited medical students, possibly due to availability.
Standardisation of validation is an important factor for future studies. It is strongly recommended that authors conform to the definitions of validity terms by McDougall 5 and van Nortwick et al. 6 (Figure 2 ). As per these definitions, content validity should be limited to experts only. Furthermore, studies should mainly recruit residents in-training, as they will ultimately be the first to receive such training. Furthermore, with urology having produced an outstanding number of validation studies, these should be utilised for power calculations prior to studies. Expert(s) are recommended to pilot and explore each tool and a Delphi 
